Experimental Section

General Methods
Starting materials and reagents were purchased from Aldrich or Fisher and used as received. Cyclobis(paraquat-p-phenylene) tetrakis(hexafluorophosphate) [S1] (CBPQT·4PF6) monotosylated tetraethylene glycol [S2] 1, and the alkyne-functionalized stopper precursor 5 [S3] were prepared following procedures already reported in the literature. All reactions were performed under an argon atmosphere and in dry solvents, unless otherwise stated. Analytical thin-layer chromatography (TLC) was performed on aluminum sheets, precoated with silica gel 60-F254 (Merck 5554). Flash chromatography was carried out using silica gel 60 (Silicycle) as the stationary phase. HPLC purification was performed on a preperative RP-HPLC instrument, using a C18 column (Agilent, 10µm packing, 30 mm × 250 mm) . The eluents used were MeCN and H2O, both mixed with 0.1 % (v / v) trifluoroacetic acid (TFA). The detector was set to λ = 254 nm. 1 H and 13 C NMR spectra were recorded on either a Bruker Avance 500 MHz, or a Bruker Avance 600 MHz spectrometer at ambient temperature, unless otherwise noted. VT-NMR spectra were recorder on a Bruker Avance 600 MHz spectrometer and temperature-calibrated using neat MeOH (for T < 295 K) and ethylene glycol (for T > 295 K). Chemical shifts are reported in ppm relative to the signals corresponding to the residual non-deuterated solvents (CDCl3: δ 7.26 ppm, CD3CN: δ 1.94 ppm, (CD3)2CO: δ 2.05). High resolution electrospray ionization (HR ESI) mass spectra were measured on an Micromass Q-TOF Ultima mass spectrometer. Matrix assisted laser desorption and ionization -time of flight (MALDI-TOF) mass spectrometry were performed, using a Bruker Autoflex III instrument.
Synthetic Procedures
2: 1,5-Dihydroxynaphthalene (8.0 g, 49.9 mmol) was placed in a clean and dry roundbottomed flask with dry MeCN under argon. K2CO3 (17.13 g, 124.9 mmol) and 18-crown-6 (100 mg, 0.5 mmol) were added to the solution and it was heated under reflux for 1 h before monotosylated tetraethylene glycol [S2] 1 (43.5 g, 124.9 mmol) was added.
The reaction mixture was refluxed under argon for 24 h and the solvent was removed thereafter under reduced pressure, before the reaction mixture was washed with H2O and then extracted with small quantities, first of all with EtOAc and then with CH2Cl2. The organic layers were combined, dried (Na2SO4) and the solvent was removed under low pressure to yield the crude product, which was subjected to column chromatography [SiO2: MeOH / EtOAc (5:95)]. The diol 2 was obtained as a reddish yellow oil (18.8 g, 86%) . 1 H NMR (500 MHz, CDCl3, 298 K): δ = 7.85 (d, J = 8.4 Hz, 2H), 7.34 (t, J = 7.8, 2H), 6.83 (d, J = 7.7 Hz, 2H), 4.28 (t, J = 4.7, 4H), 3.98 (t, J = 4.9 Hz, 4H), 3.80−3.78 (m, 4H), 3.70−3.63 (m, 18H), 3.57−3.55 (m, 4H) ppm. 13 C NMR (125 MHz, CDCl3, 298K): δ = 154. 3, 126.6, 125.1, 114.5, 105.6, 70.6, 69.9, 67.8, 61.6 = 155.1, 144.9, 140.2, 132.9, 129.8, 127.6, 124.9, 114.5, 105.6, 70.7, 70.3, 69.2, 68.6, 67.8, 21.6 = 153.4, 125.8, 125.1, 113.4, 104.4, 70.1, 69.8, 69.1, 68.7, 49.6 
56%
Scheme S4. 14.4, 23.1, 23.4, 24.3, 27.3, 30.1, 30.3, 32.6, 50.5, 65.9, 68.6, 69.6, 70.4, 71.0, 71.5, 72.0, 105.1, 109.3, 125.2, 126.0, 137.6, 142.9, 144.7, 146.1, 152.0, 153.7 
1NP:
The diazide 4 (20 mg, 0.013 mmol) was placed in a round-bottomed flask (100mL) and dissolved in dry Me2CO (10 mL) under a nitrogen atmosphere. TBTA (2 mg, 0.007 mmol) and the alkyne-functionalized stopper precursor 5 (40 mg, 0.014 mmol) were added to the solution and it was stirred for 1 h. Finally, (Cu(MeCN)4PF6) (4 mg, 0.007 mmol) was added, and the reaction mixture was stirred for 24 h at room temperature. The solvent was then evaporated and the crude compound was extracted into CH2Cl2, dried (Na2SO4), and purified using silica gel column (SiO2: EtOAc) to yield the dumbbell compound 1NP as a yellow solid (24 mg, 45% 
Cu ( 3.90-3.87 (m, 2H), 3.59−3.53 (m, 4H), 3.49−3.40 (m, 14H), 3.37−3.32 (m, 4H) ppm.
13 C NMR (125 MHz, CDCl3, 298K): δ = 161. 3, 144.9, 132.9, 129.8, 124.9, 114.5, 105.6 , and 18-crown-6 (100 mg, 0.25 mmol) were added to this solution and it was heated under reflux for 1 h before compound 3 (3.7 g, 5.54 mmol) was added and the reaction mixture was refluxed for a further 48 h. The solvent was removed under reduced pressure and the reaction mixture washed with H2O and extracted into CH2Cl2. The organic layers were dried (Na2SO4) and the solvent was once again evaporated under reduced pressure to yield the crude compound. = 23.5, 68.3, 69.9, 70.16, 70.3, 70.4, 105.4, 113.8, 125.1, 128.1, 131.3, 141.7, 144.1, 144.4, 144.5, 157.9 
11:
The ditosylate 8 (840 mg, 0.56 mmol) and NaN3 (200 mg, 0.17 mmol) were dissolved in dry DMF (100 mL). The reaction mixture was heated to 80 ˚C for 12 h under a nitrogen atmosphere. The solvent was removed under vacuum and the reaction mixture was washed with H2O to remove excess of the azide. The crude compound was extracted 
General Synthetic Approach to the Preparation of the 3NP-Rotaxanes:
The diazide 11 (80 mg, 0.062 mmol) was placed in a round-bottomed flask (100 mL) and dissolved in dry Me2CO under a nitrogen atmosphere. CBPQT·4PF6 (22 mg, 0.20 mmol),
Scheme S10. 3.69−3.62 (b, 12H), 3.59−3.54 (b, 8H), 3.54−3.50 (b, 5H) , 3, 141.7, 129.6, 126.2, 125.4, 124.3, 117.5, 114.0, 105.3, 72.6, 70.6, 70.4, 70.3, 70.1, 69.4, 67.6, 60.8, 26 = 153.0, 152.3, 150.6, 144.2, 144.0, 143.3, 141.5, 136.1, 130.8 ,
[3]3NPR . 8PF 6 127. 6, 125.4, 124.8, 123.8, 117.0, 113.4, 107.7, 105.5, 103.7, 70.6, 70.2, 70.0, 69.6, 69.2, 69.1, 68.8, 68.3, 67.8, 67.4, 64.5, 49.2, 29.5, 25.9, 23 = 156.9, 140.5, 132.1, 130.0, 125.0, 120.9, 118.1, 79.2, 43.7, 30.7, 28.4, 26.8, 24.4 
3NP:
The diazide 11 (20 mg, 0.013 mmol) was placed in a round-bottomed flask (100mL) and dissolved in dry Me2CO (10 mL) under a nitrogen atmosphere. TBTA (2 mg, 0.007 mmol) and the alkyne-functionalized stopper precursor 5 (40 mg, 0.014 mmol) were added to the solution and it was stirred for 1 h. Finally, (Cu(MeCN)4PF6) (4 mg, 0.007 mmol) was added, and the reaction mixture was stirred for 24 h at room temperature. The solvent was then evaporated and the crude compound was extracted into
Cu(MeCN) 4 PF 6 TBTA Me 2 CO / 12 h 5 11 Scheme S11. The synthesis of the dumbbell compound 3NP CH2Cl2, dried (Na2SO4), and purified using silica gel column (SiO2: EtOAc) to yield the dumbbell compound 3NP as a yellow solid (24 mg, 62% 9: 1,5-Dihydroxynaphthalene (10 g, 62.4 mmol) was added to a dry round-bottomed flask and dry MeCN was added under nitrogen. K2CO3 (7.76 g, 56.19 mmol) and 18-crown-6 (120 mg, 6.24 mmol) were added to the reaction mixture and it was heated under reflux for 30 min. A solution of 1 (19.6 g, 56.19 mmol) in MeCN was added dropwise to the reaction vessel over a period of 1 h and the reaction was continued for an additional 12 h.
The solvent was removed under vacuum, the crude material was washed with H2O and organic layer was extracted in CH2Cl2. The crude product was purified by column chromatography [SiO2: MeOH: EtOAc (5:95)] to yield a greenish yellow oil 9 (7.1 g, 54% = 154.7, 130.6, 128.7, 126.8, 125.5, 114.6, 105.8, 70.8, 69.8, 68.7, 21.5 
89%
Scheme S15. The synthesis of the 5NP pentameric diazide 13
13:
The ditosylate 12 (160 mg, 0.08 mmol) was dissolved in dry DMF (100 mL) along with NaN3 (40 mg, 0.64 mmol). The reaction mixture was heated to 80 ˚C during 12 h under a nitrogen atmosphere. The solvent was removed under vacuum and reaction mixture was washed with H2O to remove excess of the sodium azide. The crude product was extracted into CH2Cl2, dried (Na2SO4) and purified by column chromatography (SiO2: EtOAc) to yield the bisazide 13 as a yellow solid (140 mg, 89% = 153.5, 150.9, 148.1, 145.9, 144.8, 144.3, 143.8, 139.6, 137, 131.9, 131.3, 130.7, 130.4, 128.9, 128.1, 125.6, 124.5, 113.6, 70.0, 69.6, 67.6, 64.7, 63.1, 34.1, 33.4, 30.8, 23.6, 13.7 3.89 (b, 22H), 3.88−3.81 (b, 9H), 3.69−3.61 (b, 18H), 3.51−3.46 (b, 8H), 3.46−3.39 (b, 9H), 3.37−3.33 (b, 4H) 145.9, 144.8, 144.3, 143.8, 138.4, 131.9, 131.3, 130.7, 130.4, 128.9, 128.1, 125.6, 124.5, 113.6, 70.0, 69.6, 67.6, 64.7, 63.1, 35.3, 32.4, 29.2, 24.5 1246.8966.
General Synthetic Approach to the
5NP:
The diazide 13 (25 mg, 0.013 mmol) was placed in a round-bottomed flask (100 mL) and dissolved in dry Me2CO (10 mL) under a nitrogen atmosphere. TBTA (2 mg, 0.007 mmol), and the alkyne-functionalized stopper precursor 7 (40 mg, 0.014 mmol)
were added to the solution and it was stirred for 1 h. Finally, (Cu(MeCN)4PF6) (4 mg, 0.007 mmol) was added and the reaction mixture was stirred for 24 h at room temperature. The solvent was then evaporated and the crude compound was extracted into CH2Cl2, dried (Na2SO4) and purified by column chromatography (SiO2: EtOAc) to yield the dumbbell compound 5NP as a yellow solid (20 mg, 56% 
